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^: Introduction: ^  
INTRODUCTION 
Osmoregulation is the regulation of water and ions concentration in the body 
fluid within a narrow limit of fluctuation and such a regulation is critical for 
maintaining the normal life processes of an organism. 
Teleosts maintain the ionic composition and osmolarity of their body fluid at 
levels significantly different from the external environment. Since the 
cellular metabolism is possible in a consistent milieu of ionic and organic 
solute concentration, organisms evolved different strategies and the array 
of mechanisms to cope up with the challenges imposed by the diverse 
environment. The physiology of regulation of salt and water balance in 
aquatic animals, living in a highly divergent environment ranging from salt-
rich sea water to extremely salt-deficient fresh water, shows unique 
adaptive patterns in their respective environments. Despite enormous 
importance of this vital physiological process, it is surprising that very few 
fish species have been investigated to unravel how different animals rectify 
their osmoregulatory dysfunctions in different environmental salinities. 
Fish are divided into two types i.e stenohaline and euryhaline, and can be 
distinguished with regard to tolerance and the regulatory processes against 
the change in external salinities. While euryhaline species can withstand 
gradual or abrupt transfers from fresh water to sea water, and vice versa, 
stenohaline fishes are osmotically more conservative with the limited ability 
to tolerate sudden or wide variation in environmental salinity. The teleost 
fishes orz hypoosmotic regulator in sea water and hyperosmotic in fresh 
water and maintain constant concentrations of plasma ions. Because the 
ionic composition of most aquatic environments is quite different to body 
fluid, the fish has to actively pump ions either into or out of the body. The 
direction of ions pump depends on the external environment i.e. fresh water 
or sea water. 
Osmoregulation in Freshwater and Marine Teleosts: 
The body fluid of fresh water teleosts \s hyperosmotic \r\ its native 
er\y\ronr(\er\^ of freshwater. Thus they face twin problems of diffusional loss 
of salt and osmotic influx of freshwater. Salt loss from the body fluid is 
curtailed by producing highly dilute urine which is possible due to high 
tubular reabsorption of salt and the inevitable salt loss is compensated by 
dietary salt intake and largely from the active salt uptake across the gill 
epithelium. Water influx problem is solved by producing copious urine which 
is the outcome of high glomerular filtration rate and low tubular 
~ 2 ~ 
reabsorption of water. Teleost fish in seawater faces quite opposite 
osmotic challenges compared to its freshwater counterpart. f/^arine 
fishes which are hypoosmotic to their native environment make up osmotic 
dehydration by drinking sea water out of which water with monovalent and 
some divalent ions is absorbed through the gut epithelium leaving behind 
most of the divalent ions which are excreted along with fecal matter. The 
extra salt load of monovalent ions is excreted though the gills and absorbed 
divalent ions from the gut by the kidney in the form of highly concentrated 
urine as well as through extrarenal pathways, principally the gills. Thus, in 
marine teleosts osmo-hnlc balance is maintained by the co-ordinafion 
between the gastrointestinal tract, the renal and the branchial complex. 
Osmoregulation in Elasmobranch Fish: 
Elasmobranchs are predominantly marine with only 1% in fresh water and 
107o are estuarine inhabitants (Martin 2005). In marine elasmobranch, the 
osmotic pressure of body fluid which is contributed by inorganic ions is 
almost same as that of marine teleost but the isoosmoticity is maintained by 
retaining large amount of urea and trimethylamine oxide (TAAAO) and hence 
the concentration of body fluid and surrounding environment is virtually the 
same. The problem of dehydration of body fluid is, therefore, circumvented. 
~ 3 ~ 
The osmotic challenge is greatly reduced and so marine elasmobranchs do 
not need to drink sea water continuously as do teleosts. However, they still 
face the problem of continuous diffusion of salt into the body from the 
external sea water. This problem is offset by salt excretion in urine, 
secretion of rectal gland and salt outflux at the gill epithelium. A Single 
genus Potamotrygon (freshwater sting ray) is the only member of 
elasmobranch which permanently lives \n fresh water. Potamotrygon can r\o-\ 
tolerate salinities greater than 58% SW (Griffith et al, 1973) and has low 
rate of urea biosynthesis and has also lost the ability to reabsorb urea in 
the kidney (Goldstein and Foster 1971a). 
Fresh water elasmobranch retains and synthesizes less urea than their 
marine counterpart, its body fluid solute concentration is relatively low and 
urine is dilute and copious. This greatly reduces its osmotic problem of the 
water retention. In freshwater elasmobranch, plasma osmolarity is lower 
(but still higher than in teleost) and body fluid concentration of organic 
nitrogenous compound such as urea and TMAO are relatively high. 
The adjustment of the internal milieu of teleost fish during acclimation in 
altered salinity appears io be multihormonal regulation. E^zn though large 
number of endocrine glands have been implicated to varying extent in 
osmoregulatory adjustment of fish, Cortisol, the main adrenocorticosteroid 
in fish and prolactin, an adenohypophysial hormone are mainly responsible in 
the osmoionic balance in fish. Prolactin and Cortisol act antagonistically on 
the osmotic adjustment in euryhaline teleosts. The basic action of prolactin 
in freshwater fish is to decrease osmotic permeability to water and increase 
Na* and C\' uptake across the transport epithelia. In gill, prolactin increases 
the number of |b chloride cells thought to be responsible for stimulating Na* 
and C\' uptake in freshwater and decreases the number of a chloride cells 
that are involved in Na* and CI' extrusion in seawater (Manzon 2002, Perry 
1997). Although prolactin effects on gill Na7K*-ATPase are yet to be 
determined, it does not seem to cause apparent changes in gill NaVK*-
ATPase activity in striped bass (Madsen et al 1992). In other 
osmoregulatory organs such as kidney, intestine and urinary bladder, 
prolactin generally inhibits water permeability and increases Na* and CV 
reabsorptlon probably w\a mcreased Na7K*-ATPase activity. Cortisol, 
considered to be involved in the adaption of teleost to both freshwater and 
seawater, plays very important role in stress condition. Cortisol increases 
the size and number of seawater type chloride cells in primary lamellae 
(filaments) of the gill. Their morphological changes occur in parallal with 
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expression of new transporters and channels that include NaVK*-ATPase, 
NaVKVZCI' cotransporters and K* channels (Marshal and Srosell 2006). 
Growth hormone (&H) is also recognized as the major seawater adapting 
hormone. &H increases gill NaVK*-ATPase activity and enhances 
osmoregulatory ability following transfer from fresh water to sea water. 
Osmoregulatory Target Organs: 
Fishes in different environments utilize different organs in osmoregulation 
and excretion. The major osmoregulatory organs in fishes are (i) gill, (ii) 
renal apparatus, (iii) skin, (iv) gastrointestinal tract and additionally (v) 
rectal gland in marine elasmobranch. 
The function of skin in osmoregulation is to act as a barrier between the 
extracellular compartment and the surrounding environment to regulate 
water gains and loss, as well as solute flux. Kidney plays an important role 
in teleost fishes producing copious urine in freshwater and very small volume 
in seawater. I t handles the twin challenges of salt excretion and water 
concentration through urine of seawater fish. Gastrointestinal tract also 
plays an important role in absorbing ions and water from the ingested food 
and water. In marine teleost, the vast majority of Na*, C\' and water is 
reabsorbed by the gut epithelium with Mg** and 504"^ is left unabsorbed to 
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be excreted via fecal matter. The Na* and C\' are then excreted principally 
by extrarenal mechanism. In FW and SW, the gill is a very important organ 
for ionoregulation. They are the primary site for net Na* and CI' transport, 
actively taking up salt in fresh water and secreting them in seawater. The 
transport of Na* and CI' is driven by an ions pump, called NaVK*-ATPase that 
uses ATP to pump Na* out from the epithelial cells and K* into them. The 
physiological changes occur in the gill during smolting and are responsible for 
the seawater tolerance. Among these changes is an increase in the enzyme 
NaV K*- ATPase which is required for ion secretion by the gill. 
In the chloride cells of seawater acclimated teleost, NaV K*- ATPase and 
the Na*/K*/2Cr cotransporters are located at the basolateral surface of the 
cell. NaV K*-ATPase increases sodium gradient that drives sodium, potassium 
and two chloride ions into the cell via NaVKVZCI' cotransporters. Chloride 
ions are secreted into the external medium through apical CI' channels and 
sodium ions are transported back into the external medium via leaky 
paracellular functions between adjacent cells ( Pel is and McCormick 2001). 
The Na* -K*- 2Cr cotransporters are abundant in gill chloride cells in 
seawater fishes ( Pelis eta/ 2001). 
General organisation of Teleost Gill: 
In Teleost fishes, four pairs of gill are present. A complete gill is holobranch 
and each holobranch is made up of two hemibranchs. Both hemibranchs are 
connected to each other by gill arches. Sill racker are present in one or two 
rows on the inner margin of each gill arch. The gill rockers may be soft, thin 
thread like or hard, f lat and triangular or even teeth like, depending upon 
the food and feeding habits of fish. They form a sieve to flHer out the 
water and protect the delicate gill filaments from solid particles. Each 
racker is lined externally by an epithelial layer containing taste buds and 
mucous secreting cells. The taste buds help the fish in detecting the 
chemical nature of the water flowing through the gill slit. The holobranch in 
teleost is divided into multiple filaments which are further subdivided into 
thousand of lamellae. 
(a) Structure of Gill Arch: 
Teleosts have four pairs of gill arches and each gill arch encloses afferent 
branchial vessel and nerves. I t is covered externally by a thick or thin 
epithelium in which a large number of mucous glands, club cells and taste 
buds are present. Each gill arch has one set of abductor and a set of 
adductor muscles for the movements of the gill filaments during respiration. 
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The abductor muscles are present on the outer side of gill arch connecting it 
with the proximal ends of the gill. The abductor muscles are present in the 
interbranchial septum and across each other so as to become inserted on the 
opposite gill rays. 
(b) Structure of gill filaments (Primary lamellae) 
Each gill arch bears two rows of the gill filaments towards the outer side of 
buccopharygeal cavity. In most teleost, the interbranchial septum between 
two rows of lamellae are short so that they are free at their distal end, but 
in H. fossilis the neighbouring lamellae are fused at the tip as well so the 
narrow slit like apertures between them are formed. The filaments are 
supported by gill rays which are partly bony and party cartilaginous and are 
connected with the gill arch and with each other by fibrous ligaments. Each 
gill ray is bifurcated at its proximal end to provide a passage for the 
efferent branchial vessels. 
(c) Structure of Secondary lamellae: 
Each gill filament bears large number of secondary lamellae on both sides. 
These flat leaf like structures are the main site of gaseous exchange and 
vary in their shape, dimension and density per unit length of the gill 
filaments \r\ species living in different ecological habitats. The secorAar^ 
lamellae are free from each other but may be fused at the distal end of the 
filament. They vary from 10-40 in numbers on each side of primary lamellae 
being more numerous in active species. The central vascular regions of the 
secondary lamellae are composed of pillar cells covered by a basement 
membrane and an outer epithelium. The pillar cells are characteristic 
structure of teleostean gill and separate the epithelial layer of opposite side 
of lamellae. Each cell consists of a central body with extension at each end. 
These extensions are called the pillar cell flanges, which are connected from 
the neighboring cells and form the boundary of blood channels in the 
lamellae. 
Cellular composition of teleost Gill: 
The epithelium that covers the gill filaments and lamellae provide a distinct 
boundary between external environment and extracellular fluid of fish, and 
also plays an important role in the physiological function of the fish gill. This 
epithelium consists of different type of cells, primarily pavement cells 
(Squamous) 90%, chloride cells, and mucous cells (goblet cells) together 
constitute 10% of remaining cells. 
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1. Pavement Ceils: 
Although pavement cells cover the vast majority of the gill filament, they 
are considered to play a passive role in gill physiology of most fishes. 
Pavement cells are assumed to be important for gaseous exchange and acid 
base regulation because they are thin squamous or cuboidal cells with an 
extensive apical surface area and are usually the primary cell types which 
cover the site of the lamellae. The apical membrane of pavement in 
characterized by the presence of microvilli and microridges which have 
elaborate arrangements that vary among species. Squamous cells also cover 
the arch and gill rockers surface and their surface ridges often appear in 
coiled forms.' 
2. Chloride Cells: 
Keys and Willmer in 1932 for the f i rst time described the chloride cells, 
also called mitochondrial rich cells due to the presence of large number of 
mitochondria in gill filament and are responsible for the C\' secretion in sea 
water adapted teleosts. These cells constitute only a small proportion of 
the branchial epithelium on gill surface, whereas pavement cells are found in 
all regions of gill filaments. Chloride cells are usually more numerous on 
afferent (trailing) edge of filament as well as the region that runs between 
individual lamellae termed the interlamellar region. Also, chloride cell are 
usually not found on the epithelium covering the lamellae, however, certain 
environmental conditions are associated with the presence of lamellar 
mitochondrial rich chloride cells. 
Chloride cells are large, ovoid shaped and their cytoplasmic mitochondria is 
closely related to the site of appearance for the active transport enzyme, 
Na*/k*-ATPase, which indirectly energizes NaCI secretion by these cells in 
SW teleosts. In fresh water teleost, chloride cells are predominantly found 
on the trailing edge and interlamellar region but in some species, these cells 
may also be found on the lamellae. 
In several species of teleosts fishes distinct morphology based chloride 
cells subtypes named a and f) chloride cells have been found in gill. The a 
chloride cells have light cytoplasm, usually a smooth apical membrane 
associated with numerous subapical vesicles, a well developed tubular 
system elongated in shape and are found at the base of lamellae. In 
contrast, Jb chloride cells have dark cytoplasm, usually with complex apical 
membrane projections associated with an extensive subapical tubular 
vesicles, a less developed tubular system which is ovoid shaped and occur in 
the interlamellar region. The a and |i types of chloride cells are thought to 
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be associated with seawater and freshwater osmoregulation respectively 
(Perry 1997and Evans eta/2005). 
3. Mucous Cells: 
The mucous (goblet) cells are abundant in epithelium covering the head of 
the gill arches and occur in smaller number on the primary gill lamellae. 
However, these cells are absent from the secondary lamellae. In a cross 
section of the epithelium of the gill arch, the shape of mucous cells vary in 
form such as oval or pear shaped or round and posses flattened nuclei. These 
cells are scattered on the general surface of the primary gill lamellae and in 
the interlamellar space close to the base of secondary lamellae. In different 
species, the number and location of gill mucous cells are quite variable. The 
abundance of mucous cells may also be affected by salinity changes. In sea 
water, mucous cells are less in number on the leading and the trailing edges 
in comparison to the freshwater fishes (Laurent et al 1985). The precise 
role of mucous cells in osmoregulation is still unclear. However, the fact that 
mucous cells are most abundant in fresh water suggests that they might 
control the loss of ions or water influx (ion regulation). 
Mucous cells secrete mucus which serves as the protective barrier of an 
individual. The mucus secretion in skin and gill also plays an important role 
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in disease resistance, respiration, osmoregulation and also acts as natural 
defence against parasites. The mucous cells number and dimension are 
dependent upon pathological or inflammatory processes in response to 
environmental conditions. The main component of mucous secretion is 
sialitation and sulphation of glycoproteins which is important for increasing 
mucous resistance to bacterial degradation. Generally, the increase in 
ambient salinity decreases the number and increases the size of mucous 
cells. Prolactin administration brings about increase in the number and 
density of mucous cells in freshwater fishes. However, in some teleost 
fishes mucous cells in the gill do not change with the changes in ambient 
osmotic conditions. The cells are scattered on the interlamellar areas where 
they are in close vicinity with the chloride cell. 
I t has been suggested that the osmoionic changes in the body fluid vis-a-vis 
ambient environment is regulated by glycoproteins secreted by mucous cells 
which is divided into two group i.e. acidic and neutral glycoproteins. The acid 
mucin is made up either sialomucins or sulphate mucins which can be 
differentiated by Alcian blue 8&X at pH 1.0 <& 2.5. The mucous gland 
secreting acid glycoproteins are predominantly more compared to those 
secreting neutral glycoproteins. Interestingly, a mixture of acid and neutral 
glycoprotein is present in the same cell which undergoes transformation 
from one type to the other type of glycoprotein under different ecological 
conditions of the fish. 
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OBJECTIVE OF STUDY 
The catfish H. fossilis and C. batrachus have a limited range of salinity 
tolerance up to about 35% sea water (Parwez et all979, Parwez et a/2001) 
and H. foss/7/sosn\oregu\aies in different salinities effectively employing its 
renal mechanism (Soswani et a/1983). The structure and function of the air 
breathing organs of /-/. fossi/ls has been described \x\ detail by Munshi 
(1994), and toxic impact of lead salts on the respiratory organs of air 
breathing fish H. fossi/is by Parashar and Banerjee (1999 a, b, c, 2002). 
Recently, Susisthra et a/ (2007) have demonstrated the toxicopathological 
effect of the heavy metal salt cadmium on the respiratory epithelium of air 
breathing catfish /-/. fossi/is. However, no systematic study has been carried 
out to study the effect of salinity variations on the gill mucous cells which 
arc speculated to play an important role in fresh water os well as salt water 
osmoregulation. In the present study, ox\ attempt has been made to 
document different types of gill mucous cells if any, in /V. fossi/is and C. 
batractius to study their structural, numerical and locational changes 
following transfer of the aforesaid fish species to higher salinities. 
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The present study has, therefore, twin objectives. 
i. To find out the different types of mucous cells, if any, in gills of 
H. fossilis and Cbatrachus in fresh water and to classify them 
histologically on the basis of location, shape, staining affinity and 
relative abundance. 
ii. To study the changes in the types, abundance, location, shape and 
size of mucous cells in the gill of the catfishes, H. fossilis and 
C bactrachus following transfer of these fishes from TW to 
higher salinity i.e. 25% SW. 
17 
'-:Review of Literature:^ 
REVIEW OF LITERATURE 
The internal milieu of the majority of aquatic animals is either hypo- or 
hyper osmotic with respect to their external environment. The physiology of 
salt and water balance has always been a fascinating area of investigation, 
the evidence of which comes from enormous literature relating to ion 
induced structural changes in target organs ( Zwineglstein et al 1980, 
Foskett et al 1983, Hegab and Hanke 1984, Nichols and Weisbart 1985, 
Madsen etal 1994 , Morgan and Iwama 1998, Kelley and Woo 1999, bzonz et 
al 1999, Sakamorto et al 2001, McCormick 2001, Evans 2002, Fontainhas-
Fernandes etal 2003, Marshal 2005, Evans etal 2005). 
The available evidence clearly shows that much of the information on 
osmoregulatory physiology of teleost fishes is based on euryhaline species 
because of their capacity to adapt successfully when subjected to sudden or 
radical changes in environmental salinities (Hegab and Hanke 1984, Morgan 
and Iwama 1998, Sangio-Alvarellos etalZOOS, Bartels and Potter 2004, Lin 
etalZOOA, Evans etal2005, Hammerschlag 2006). In contrast, stenohaline 
fishes, with only a limited range of salinity tolerance, have been studied only 
sporadically even though they constitute the majority of the extant teleost 
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species in fresh water as well as in sea water. The available information on 
stenohaline fishes is mostly confined to goldfish, Carassius auratus (Maetz 
1969, Lahlou et al 1769, Porth- Nibelle and Lahlou 1974, Eddy and Bath 
1979, Houston and Mearow 1982, Paxton and Umminger 1983, Paxton et al 
1984, Linden eta/1999, Chang eta/2002), Icta/uruspunctatus(Perry 1967, 
Perry and Avault 1968, Allen and Avault 1971, Norton and Davis 1977, 
Furspan et a/ 1984, Eckert et a/ 2001, some species of genus Serranus 
(Motais et a/ 1965, 1966, 1969), barred surf perch, Amp/iistic/ius argenteus 
(Holmes and Lockwood 1970), and the carp Cyprinus Carpio (Hegab and 
Hanke 1984), catfish C/arias batrac/ius {\^ayyar 1992, Parwez et a/2001a, 
b), Atlantic Cod ^adusmor/iua(Provencher eta/1993). 
The gills are the primary site of net sodium and chloride transport actively 
taking up salt in fresh water and secreting them in seawater (Marshall and 
Bryson 1998, Evans eta/1999, Chang eta/2001, 2002, Marshall 2002, Chan 
2004). Teleosts generally lose ions passively through the permeable body 
surface such as the skin and gill (Perry 1997, Karnaky 1998). The mechanism 
for balancing the ion loss and osmotic water gain is through the active 
uptake of ions across the gill and opercular surface and production of 
hypotonic urine (Perry 1997, Karnaky 1998). The gills are the major site for 
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not only gas exchange but also for ion transport, acid-base regulation, and 
nitrogenous waste exertion. The multiple functions of gill are 
comprehensively documented by Evans et a/{19Q7) and some reviews on this 
subjects (Perry 1997, Claiborne 1998, Karnaky 1998, Marshall and Bryson 
1998, Walsh 1998 Evans et al 1999, Evans ef al 2005) have also dealt with 
this aspect in details. 
Hughes (1984) and Laurent (1982, 1984) have described the generalized 
basic structure of the gill system in teleost. In teleost fishes, four pairs of 
branchial orchzs occur and each arch is made up multiple filaments, which 
ore further divided into thousands of lamellae, the site of gas exchange 
(Evans eta/1999). 
The perfusion of gill epithelium (both in the filaments and lamellae) is under 
the control of a variety of endocrine and paracr'me factors (Olson 1997) 
which may play a role in controlling the permeability of ionic transport in the 
gill. The gill epithelium is composed of several distinct cell types (Laurent 
1984, Wilson and Laurent 2002). These cells are pavement cells, 
mitochondrial rich chloride cells, mucous cells and pillar cells (Laurent et al 
1990, , Evans eta/1999, Chabrillon, eta/2004, Diaz eta/2005). More than 
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90% gill epithelium of lamellar surface consists of pavement cells which play 
an important role in gas exchange. 
The chloride cells on the gill were f i rst identified by Keys and Willmer 
(1932) and were described as mitochondrial-rich cells responsible for CI" 
secretion in sea water adapted teleost. Copland (1948) in his study 
designated these cells as chloride cells. The specific involvement of the 
branchial chloride cells in CI" secretion in seawater fishes, although originally 
disputed by Bevelander (1935), the mechanism of both Na* and CI" excretion 
across the gill of marine teleost fish is now well established (Silva et al 
1997) and reviewed by Foskett (1983), Karnaky (1986) , Shuttleworth 
(1989), Avella et al (1990), Wood et al (1994), Marshall (1995), Perry 
{\997).Eyar\s et al{2005). 
The morphology of the chloride cells is unequivocal when observed at 
ultrastructural level or by using light microscopy with specific staining 
(Watrin and Mayer-Sostan 1996, Arellano etal 1999. Calabro et al 2005). 
They are sensitive to environmental changes such as salinity (Laurent et al 
1985, Pisam and Rambour 1991), calcium concentration (Perry and Wood, 
1985, Avella et al 1987), acidity (Leino et al, 1987, Wendelaar Bonga et al 
1990) and toxicants (Erkmen and Kolankaya 2000). Localization, size and 
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number of these cells can change in relation to adverse environmental 
conditions (Watrin and Mayer-Gostan 1996). 
Chloride cells are usually more common on afferent (trailing) edge of 
filaments (Laurent et al 1985) as well as on the region that runs between 
individual lamellae, called interlamellar region. Also chloride cells are not 
found on the epithelium covering the lamellae. However, certain 
environmental conditions are associated with the presence of lamellar 
mitochondrial cell (Laurent ef al 1980, Karnakey 1986, Laurent 1994, Perry 
1997, Pisam et al\9%l. Wilson etalZOOZ, Evans etal20Q5). 
Seawater chloride cells are large and generally more numerous than those of 
fresh water (Shirai and Utida 1970, Pisam 1981, Hwang and Hirano 1985, 
Uchida et al 1996, Schreiber et al 1999, Chang et al 2002, ParasUar et al 
2002, Arellano et al 2004, Chen et al 2004).The ultrastructural features 
of chloride cells show numerous mitochondria and a well-developed tubular 
system that is an extension of the basolateral membrane, pavement cells are 
observed neighboring to the apical region of chloride cells (Pisam and 
Rambourg 1991, Perry 1997, Isisaig etall998, Evans etall999, Schreiber 
et al 1999, Evans 2005). Generally, the apical surface of seawater-
acclimated fish opercular epithelium has pockmarked apical crypts of varying 
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size, each surrounded by flattend pavement cells and fresh water adapted 
fish has chloride cells covered with pavement cell ( Marshall eta/1998). 
In fresh water teleost, chloride cells are found on the trailing edge and 
interlamellar region of gill filament but lamellar chloride cells are also 
present in some species (Uchida et al 1996, Shikano et al 1998). The ultra 
structure characteristic features of chloride cells in fresh water share 
some similarity to sea water, such as extensive basolateral membrane, 
tubular system, tubular system associated with mitochondrial and subapical 
tubular vesicular system (Laurent et al 1994, Perry, 1997) and differences 
such as the accessory cell and multicellualr complex associated with chloride 
cells not found in fresh water. Significant structural changes in the chloride 
cells occur when the fish is transferred from freshwater to sea water ( 
Karnaky et al 1976, Marshall et al 1998)) and vice- yersa (Copeland 1948, 
Pettengill and Copeland 1948, Setman 1950, Threadgold and Houston 1964, 
Conte and Lin 1967, Olivereau 1970, Doyle 1977, Laurent and Dunel 1980, 
Pisam et al 1980, Hossler 1980, Foskett et al 1981 and Zaccone 1981). The 
above studies have clearly shown that chloride cells mcrease in size, number 
and exhibit darkening of cytoplasm when the fish is transferred from the 
fresh water to sea water. 
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Some techniques are employed for the localization and identification of 
chloride cells such as fluorescent mitochondrial marker (Kernaky 1986, Perry 
et al 1985) or histochemical (Ahuja 1964, 1970, McCormick 2001) or 
immunocytochemistry (Lee 1998, Seidelin and Madsen 1999, Calabro et al 
2005). Marshall et £7/(1998) used DASPEI fluorescence and scanning and 
transmission electron microscopy technique to map the surface and 
subsurface structures of chloride cells both in fresh water and sea water 
acclimated Killfish. 
In several species of teleost fish such as Atlantic salmon Salmo salar, brown 
trout, guppies, Poecilia reticulata, Cobitis taenia, Gobiogobio ox\6. Nile tilapia 
O. niloticus cMoride cells subtypes have been detected in the gills (Evans et 
(7/2005). Pisam et al(19&7) described the presence of two different types 
of chloride cells called a and f) distinguished by the differences in the 
electron density, size and shape (Perry et al 1997, Evans 2005) but the 
precise function of a and |b cells are still undetermined. 
The structure and function of mucous cells in the skin and gills have been 
studied by different authors (Hoar and Randall, 1984, Whitear 1986, Park et 
al 1987, Saraquete et al 1998 a, 2001, Arellano et al 1999, 2004 and 
Chabrillon et al 2004). Skin and gill secrete mucus which serves as 
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protection for the individual. The mucus secretion also plays an important 
role in disease resistance and in respiration and osmoregulation (Whitear 
1986, Mittal eta/1995, Laurent and Perry 1990, Diaz eta/2001, Shepherd 
1994) as well as in natural defense against parasites and pathogens (Fletcher 
1978). Changes in the number and dimension of mucous cells may be 
indicators of pathological or inflammatory processes induced by adverse 
environmental conditions (Lemoine and Olivereau, 1971, Wendelar Bongo and 
Lock 1992, Ortiz et a/ 1999). Furthermore, silatation and sulphation of 
glycoproteins, the main component of mucus secretion, may be important for 
increasing mucus resistance to bacterial degradation (Rhodes eta/1985). 
Yadav eta/(1983) examined the effect of salinity on gill mucus cells density 
and blood serum ion concentration in the fresh water fish C/arias batrachus. 
Mucus layer is present on the gills in stress situations (McCahon et a/ 
1987) and absent in unstressed rainbow trout (Handy and Eddy 1989). The 
mucous cells (xce absent on secondary lamellae of unstressed rainbow trout 
(Handy and Eddy 1991). Gill mucous cells show more active development by 
prolactin(Bernl992), which reduces the gill water permeability (Ogawa 1973, 
Parwez et Q/198A). In hypophysectomized Fundu/us/leteroc/itus mscous cells 
show degeneration (Burden, 1956), a situation that could be counteracted 
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by injection of pitutary homogenate. In the teleost, Cichlaroma biocellatum 
the mucous cells of the gills are not affected by osmotic conditions (Matteij 
and Stroband 1971). 
According to Dunel-Erb and Laurent (1973) the population of gill mucous 
cells is quite variable in number and location and their population might also 
be affected by changes in salinity (Roberts et al 2003). In fresh water 
teleosts Gambusia and Cafia catia, mucous cells disappear completely in 
chloride-containing media even at low concentration (Ahuja 1970). In Anguilla 
japonica it has been shown that the numbers of mucous cells decrease after 
their adaptation to seawater for a month (Laurent 1984). A euryhaline fish 
Etroplus macu/atusjadap-ted gradually from fresh water to 100% salt water 
showed an increase in size but decrease in number of mucous cells. At 100% 
sea water, mucous cells are reduced to negligible number (Virabhadracharui 
1961). In Bartrus filamenfosus, mucous cells are found mostly in 
interlamellar epithelium. The same authors have also reported, on the basis 
of light microscopy, that mucous cells are able to transform into chloride 
cells after transfer from fresh water into 8% salt water (Zaccone 1981). 
Such observations which need further evidence from electron microscopy, 
have already been reported in fresh water teleost gill (Das and Srivastava 
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1978) or in the abdominal epidermis of guppy (Scherdtfeger 1979). In the 
seawater adapted eel, mucous cells are less in number on the leading or 
trailing edge when compared with the fresh water eel. In the former, 
however, chloride cells developed mainly on the trailing edge, where they 
were seen to replace the mucous cells. Mucus producing cells are numerically 
and morphologically affected by different conditions as do other cells 
localized in gill epithelium. Increase of mucous cells number is reported with 
different conditions such as bacterial gill disease (Ferguson et al 1992), 
amoebic gill disease (Munday et al 2001, Powell et d 2001, Shane et al 
2003), high cor\cen1raY\or\ of ammoma (Ferguron et al 1992, Hilary 2003), 
salinity (Frankin 1990 , Bordas et al 2003, Roberts et al 2003) acidity 
(Charles 1997, Ledy et al 2003) high pressure and low temperature (Dunel 
1996). On the other hand, under the conditions of high concentration of 
ammonia (Hilary 2003), low pH (Wilson et al 1994) high concentration of 
aluminum (Playle and Wood 1991), heavy metals (Jezierka and Witeska 
2004), substrat of d iazinon (Dutar et al 1993) acid plus aluminium (Charles 
etall997), the size of mucous cells showed an increase. 
The role of mucus in ion regulation by fish is uncertain (Zuchelkowski et al 
1985, Shepherd 1994). Mucous cells are ion exchange material which rapidly 
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absorb H* (Handy el al\9^9), thus mucus may buffer incoming water passing 
over the primary lamellae, contributing to buffering capacity of the 
branchial microenvironment (Playle and Wood 1989). Mucus function in the 
branchial microenvironment of rainbow trout is limited to stress situations, 
where mucocyte discharge is stimulated (Handy and Eddy 1989) to form a 
distinct mucus layer on gill surface (McCahon et al 1987) but mucous cells 
orz absent on the secondary lamellae of unstressed rainbow trout 
Oncorhynchus mykiss (Handy A Eddy 1991). The functions of mucus layer <xcz. 
closely related to the kind of glycoprotein produced by mucous layer (<5ona 
1979). Saboia-Moraes ^/•^/(1996) described four different types of mucous 
cells in the gill epithelia of guppy, a euryhaline fish and suggested possible 
role related to the adaptive capability of these species in the environment 
of salinity variation. Two types of mucous cells were described in skin of 
Monopteruscuchia{fA\^^a\ eta/1980. 2002) 
The mucous cells secrete mucin which contains glycoproteins (Askawa 1970, 
Bremer, 1972, Zaccone 1972, 1973, Harris et al 1973, Carmigname and 
Zaccone 1974, Ojha and Munshi 1974b, AAunshi, 1996, Saboia-Moraes et al 
1996, Powell et al 2001, Roberts et al 2003, Saboia-Morais et al 2004, 
Calabro etal2005, Sadovy et al 2005, Cinar etal 2008). Both carboxylated 
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and natural glycoproteins have been demonstrated by using the AB-PAS 
technique (Jones and Reid 1993 a,b, Fletcher ef al 1976, Ojha and Mishra 
1987, Ojha etal \92>9, Munshi 1996, Roberts 2003, Pinky etal 2007, Cinar 
et al 2008. The mucous gland cells secrete carboxylated or sulphated 
glycoprotein dominant over those secreting neutral glycoprotein (Fletcher et 
al 1976, Mishra 1984, Ojha et al 1989, Ojha, 1993). The gill filament 
epithelium contains a mixed population of mucous glands secreting both acid 
and neutral glycoprotein (Ojha and Mishra 1987, Ojha et al 1989). The 
presence of a mixture of acid and neutral glycoproteins in the same cell 
suggests that the glycoproteins undergo transformation from one type to 
another. Such a transformation is also related to the different ecological 
conditions of the fish habit (Ojha etal 1989). Quantification of mucous cells 
population as assessed by their histochemistry is a widely used method for 
pathological assessment (Jones and Reid 1978, Ferguson et al 1992, Roberts 
etal 2003). 
The glycoproteins present in fish mucus can either remain neutral or, in the 
presence of sialic acid or sulphated monosacchrides, become acidic. The 
extent to which the glycoproteins influence the properties or contribute to 
specific functions of mucus is still controversial (Shephard, 1994). Based on 
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the similar composition of fish and mammalian mucus, Northcott and 
Beveridge (1988) hypothesized that the viscosity of fish mucus may increase 
as acidic glycoprotein content increases. 
A histological study of the gill rakers and branchial arches in O. niloticus 
revealed two morphologically district types of mucus cells (Northcott and 
Beveridge, 1988). I t has been suggested that mucus with charged acidic 
groups may have increased particle retention properties (Northcott and 
Beveridge, 1988). Smaller goblet cells lined the anterior face and side of the 
ordms and secrete neutral or neutral/acidic mucus. This mucus may be less 
viscous and could aid in transport of captured particles towards the 
esophagus (Northcott and Beveridge, 1988). From a histological study of the 
gills and epidermis of plaice, flounder and trout, Fletcher et al. 1976 
suggested that the type of mucus produced by goblet cells in the arches and 
epidermis of fish could vary depending on the habitat of each species. In 
Oreochromic mossambicus, the proportion of mucosubstances present in the 
oral mucosa varied seasonally. During mouthbrooding, the concentrations of 
glycogen, sialomucins and sulfomucins increased compared to non-breeding 
seasons (Varute and Jirge, 1971). Thus, the oropharyngeal mucus of O. 
aureus may differ in acidity and viscosity from that of O. niloticus, and 
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consequently differ in function. Possible water and ion-regulatory roles for 
mucus are based on the formation of these unstirred layers (Shephard, 
1994). 
The changes in structure and size of mucous cells in higher salinities have 
been documented in euryholine fish Etroplus maculatus 
(Virabhadracharui 1961), freshwater stenohaline fish Clarias batrachus 
(Yadav et al 1983), Sockey Salmon Oncorhynhus nerka (Franklin 1990), 
seabream Sparus aurata (Bordas 2003), Atlantic salmon Salmo salar 
(Roberts and Powell 2003). The mucous cells type described by different 
authors such as Saboia-moraes (1996) euryholine fish Poecilia vivipara, 
Mittal et al (1980) in Monopterus cuchia, Morrison and Wright (1999) 
{Oreochrumis niloticus), and Sadory et al (2005) \r\ six dragonet species 
Synchiropus splendidus, Synchiropus picturatus, Synchiropus ocellatus, 
Repomucenus richardsorii, Calloinyimus decoratus and Callinymus risso) and 
Pinky et al{2007) in Sara lamta. However, the above studies do not provide 
sufficient data to describe different types of mucous cells and their 
structural, locational and population changes following transfer to higher 
salinities particularly in freshwater stenohaline teleosts. 
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:Materials and Methods: 
MATERIALS AND METHODS 
A. Collection and care of Fish: 
Live specimens of catfish Heferopenestus fossilis (local name Singhi) and 
Clarias bafrachus (local name Magur) weighing between 35-40 gm were 
obtained from local fish market of Aligarh. Under laboratory conditions, the 
fish were kept in glass aquaria (23x lOx 12 inch) containing stored 
dechlorinated tap water (TW). They were acclimatized for 15-20 days prior 
to initiation of experiments. During this period they were fed daily ad 
Libitum with minced meat and water in aquaria was changed daily by 
siphoning off and replenishing simultaneously with freshwater adjusted to 
laboratory temperature. 
B. Artificial %z.<i water: 
Artificial sea water (SW) was prepared in dechlorinated TW according to 
eoswami ef al (1983). Briefly, to prepare full strength SW (100%), the 
following salts were dissolved in 1 liter dechnorinated TW; NaCI, 400.8 gm; 
KCI,9.8 gm; CaCh (fused),10.1 gm; MgCl2.6H20,52.7gm; Na2S04, 27.8 gm; 
NaHCOa , 2.5gm; and NaBr, 0.6gm. Further dilution (25% SW in the 
present study) was prepared by diluting 100% SW with dechlorinated TW. 
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C. Experimental protocol: 
The experiment was performed on well acclimatized fish under controlled 
laboratory conditions. 
The catfish Hfoss/7/s and C. batrachus were allocated in four groups. The 
Group I and I I were stocked with H. fossilis, while group I I I and IV with C. 
batrachus and all groups had seven fish each. The fish of group I I and IV 
containing H. fossilis and C. bafrachus rzs^ecY\yz\y were transferred to 25% 
SW while group I and I I I were maintained in dechlorinated TW and served 
as control. The fish were fed on alternate days and TW/ 25% SW was 
replaced daily. After 7 days, five fish from each group were sacrificed and 
the gill were excised and fixed in Bouin's fluid for histological studies. 
D. Histology of Gill Mucous Cells*. 
(Fixation, rinsing, dehydration, clearing, infiltration, embedding and 
sectioning). 
1. All gill tissues were kept in aqueous Bouin's fluid for 24 hrs keeping 
them completely immersed in the fixative. 
2. After the optimum fixation, the tissues were rinsed with distilled 
water several times ti l l no yellow colour comes out from the tissues. 
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3. The tissues were then transferred into vials containing 30% alcohol, 
and were transferred to successively ascending alcohol grades of 
50%, 70%, 90% and upto 100%, keeping in each grade for 1-2 hrs. 
4. After dehydration the tissues were transferred to xylene for clearing, 
until the tissue became completely transparent. 
5. The tissue was then transferred in a mixture of xylene and molten wax 
(50% xylene + 50% wax) for 10 min in an oven maintained at 65°C. In 
this process, xylene comes out of the tissue and wax gets embedded 
into it. 
6. For infiltration, 3 vials were filled with molten wax and kept in an oven, 
the material was transferred from the tubes containing xylene and wax 
to the 1st vial for 45 min and then to the remaining I l nd and I l i r d 
vial after keeping them for 45 min in each tube. 
7. The paraffin block containing the material were made in "L"- shaped 
moulds kept over a glass plate and both moulds and glass plate were 
smeared with glycerine. The molten paraffin wax (Qualigens, melting 
point 60-62°C) was poured into the block cavity in moulds only 4/5^^ of 
total capacity and the tissue was transferred into it. when the wax was 
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solidified completely approx 30 min, the moulds were detached from 
the glass plate and block was ready. 
8. Trimming of wax block is necessary to remove excess of wax. 
Scrapping was done in a way that the block becomes rectangular in 
shape and the material is slightly visible from the cutting surface. 
9. Five micron thick sections were cut with the help of microtome (MAC, 
Indian Laboratory equipment) and ribbons of section were put over 
the slide and over which very thin layer of Mayer's egg albumin had 
been applied. 
10. The hot plate was set at a temp of 40-45°C. The slides containing the 
sections were placed on the hot plate and few drop of distilled water 
were put below the ribbon, which got stretched to original shape. The 
water under the ribbon was drained and all sections arranged in 1-2 row 
and air dried. 
E. Staining of gill sections: 
The stains used were'-
(i) Periodic acid Schif f reagent (PAS) 
(ii)/Mcianblue(/\B) 
(iii) Alcian blue /Periodic acid Schiff reagent (AB-PAS) 
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(0 Periodic acid Schiff s (PAS) Method (pH 2.5) after Mc Manus. 
(Pearse 1961): 
1. The slides containing tissues were deparaffinated in xylene and 
hydrated in down grade alcohol series i.e. 100 to 30 % and finally 
brought to water. 
2. These slides were transferred for 15 min to 1 % aqueous periodic acid 
for oxidation. 
3. The sections were washed with running water for 5 min. 
4. They were submersed in Schiff's reagent for 15 min. 
5. Then the tissues were washed with running tap water for 5 min. 
6. Dehydrated in upgrade alcohol series i.e. 30 to 100 % alcohol, cleared 
in xylene and mounted in DPX. 
(ii) Alcian blue (AB) (pH 2.5) method^ Pearse 1961): 
1. Step I is the same as described in PAS (i) above. 
2. The slides were stained in 1% alcian blue 8GX in 3% acetic acid for 3 
min. 
3. Then, they were washed in running water for 5 min. 
4. The slides were dehydrated with ascending alcohol grads ie. 30 tolOO 
%, cleared in xylene and mounted in DPX. 
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(ill) Alcian blue-Pcpiodic acid Schiff's method (pH 2.5), after Mowpy, 
(Pearsc 1961): 
1. Step I is the same as described in PAS (i) above. 
2. The slides were then rinsed briefly with 3% aqueous acetic acid. 
3. Stained with 1% Alcian blue 8&X (pH 2.5) made in 3% acetic acid for 2 
hrs. and rinsed briefly in water and then in 3% acetic acid, washed in 
running water and distilled water quickly. 
4. The tissue were then oxidized for 5 min in 1% periodic acid solution at 
room temperature. Then they were washed in running water for 5 min. 
5. Now the tissue were immersed in Schiff's reagent for 15 min, washed 
with running water for 2 min , rinsed with 3 changes in 0.5% sodium 
bisulphate for 1 min each followed by wash in running water for 5 min. 
6. They were dehydrated in alcohol, cleared in xylene, and mounted with 
DPX. 
The sections were observed with the help of Zeiss microscope (Carl ZEISS, 
model axioskop 40 FL) at the magnification of lOx, 20x, 40x and the 
images were captured with Axiocam camera and using Axiovision software 
( Ver:4.6). 
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RESULTS 
Part A-Type of mucous cells In H. fossilis A their 
comparison with those \r\ C. bafrachus 
A-\ Heferopneusfes fossilis 
(i) Types of typical mucous cells: 
The body structure of H. fossilis is elongated with compressed abdomen 
and terminal and narrow mouth. Head is moderate in size which is 
greatly depressed and the external body is covered with scaleless skin. 
There are four pairs of barbels, one pair each of maxillary, nasal and 
two mandibular. Dorsal fin is short and inserted slightly away from the 
tip of pectoral fin which is provided with strong serrated spine along 
the inner edge. Anal fin is long, just reaching the round caudal fin and 
separated from it by a notch (Fig-1 a,b ) . 
There are five pairs of gill orchzs in catfish H. fossilis, a complete gill 
called holobranch consisting of four pairs.Each holobranch is made up of 
two hemibranchs, while the last pair of gill consists of a single 
hemibranch (Fig- 2 <& 3 a, b ). Both hemibranchs are connected to each 
other at the gill arch and each of them is made up of hundreds of 
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filaments consisting of an eccentrically placed cartilaginous rod (gill 
rays) and supporting connective tissue, which are covered by epithelium. 
Flattened lamellae (Secondary lamellae) extend in two rows from the 
side of filaments and each lamella bears a supporting structure, the 
pillar cells (Fig- 4. b) In the epithelium of filaments, lamellae and 
interlamellar spaces, there are three different cell types i.e. mucous 
cells, chloride cells and pavement cells (Fig- 4. a, b). 
(ii) Tinctorial response of gill epithelium mucous cells with 
different stains: 
(a) Periodic Schiffs reagent (PAS pH 2.5): 
In a cross section of gill lamellae stained with periodic acid Schiffs 
reagent (pH 2.5), the mucous cells were stained in magenta colour 
(Fig-5 a,b). Based on the tinctorial response, two types of mucous 
cells i.e. light magenta (type I ) and dark magenta (type I I ) colour were 
present in interlamellar region on the leading and trailing edges of 
filament and were globular and goblet in shape. Mucous cells were 
absent on the lamellae. 
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(b) Alcian blue (AB) (pH 2.5): 
In a transverse section of gill lamellae stained with Alcian blue (pH 
2.5), the mucous cells were stained in blue colour (Fig- 6 a,b) with 
globular and goblet shape and occur in interlamellar and apical region. 
These cells were divided in type I and I I on the basis of light and 
dark blue colour staining. 
(c) AB-PAS (pH 2.5): 
With the combined staining of gills with AB-PAS, four types of mucous 
cells may be observed. These cells were distinguished on the basis of 
(i) shape A size and (ii) tinctorial response with different stains ( Fig-
7a,b,c,d,e &. 8a,b,c,d,e). Type I mucous cells were goblet and globular 
shape and were present on apical and interlamellar region. They 
stained positively with AB-PAS giving light blue colour. Type I I of 
mucous cells were also goblet and globular in shape and present on 
apical and interlamellar region but they stained darker i.e. deep blue 
as compared to type I . Moreover, in higher magnification i.e. x400 
type I of mucous cells exhibited granular appearance which was not 
seen in types I I of mucous cells (Fig-7 b, c A 8 c, d). In addition, type 
I and I I mucous cells occasionally overlapped with each and became 
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irregular in shape (Fig-7 c). Type I I I of mucous cells showed similar 
shape as those of type I A I I (globular and goblet shape) but stained 
purple in colour. As for as the abundance of I , I I &. I l l is concerned, 
the type I I I of cells were very few in number as compared to type I <& 
I I and showed exceptional appearance. Type IV mucous cells were 
present on the branchial epithelium of gill arch and gill rockers (Fig-
7d, e, 8 d). They are voluminous in size, globular<& goblet in shape and 
had granules of different shades of blue (dark and light). 
(iii) Cross section of Gill: 
The cross sections of gill lamellae of A/, fossilis in TW at low 
magnification (xlOO) stained with AB-PAS mucous cells showed more 
abundance on trailing and leading edges of filaments but they \Nerz 
completely absent from gill lamellae ( Fig-9 a, b, c). 
At higher magnification type I and I I mucous cells may be distinguished 
which were found to be arrax\qe6, in a series on the leading and trailing 
edges of gill filaments (Fig-9 b, c). Thin layer of mucins may be 
observed on the trailing edge of gill filament (Fig- 9 b). Both types I 
and I I mucous cells overlapped with each other and became irregular in 
shape. Fig-9(c) showing the gill filament at higher magnification (x400). 
contained all the three types i.e. I , I I and I I I of mucous cells but type 
I I I mucous cells were exclusively present on the leading side of 
filament and were irregular in shape and purple in colour. Often, these 
cells i.e. Type I I I overlapped with type I A I I of the mucous cells (Fig-
9 c). 
A detailed classification of different types of mucous cells in H. 
fossilis on the basis of colour, shape & abundance has been given in 
Table- 1. 
A-2 Clarias bafrachus 
(i)Types of mucous cells: 
The body structure of C. batrachus'\s elongated, abdomen round, head 
moderate size and greatly depressed, covered with osseous plates 
dorsally and laterally forming a cask covering the diverticulum of gill 
cavity. The greatest width of head equals its length. Anterior portion 
of head is provided, like in H. foss/Us wiih four pairs of barbels, one 
pair each of maxillary, nasal and two mandibular. Dorsal f in, unlike H. 
fossilis, was long and without spine. Pectoral fin was below the 
commencement of dorsal fin d its spine is finely serrated both 
externally and internally. Caudal fin was free and almost round 
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whereas anal fin is long. The colour of this catfish is dingy green or 
dark brownish, and ventral fin beneath was often with reddish margin 
( Fig- 10 a,b ). 
In catfish C. batrachus, there \Nzrz five pairs of gill arches (Fig-11), 
four pairs of holobranch and one pair of hemibranch which appeared 
similar to those found in H fossilis. A complete gill was called 
holobranch and each holobranch was divided into two hemibranchs 
(Fig-12). Both hemibranchs were connected to each other by gill arch 
and each gill arch bears a large number of gill rockers. In C. batrachus 
gill rockers were fused with gill arch but in H. fossilis f\\ey were free 
(c.f. Fig- 12 with 3). The structure of filament and lamellae were the 
same as described for H. fossilis. 
(ii) Tinctorial Response of gill epithelium mucous cells with 
different stains: 
(a) Periodic Schiff s reagent (PAS pH 2.5): 
The transverse section of gill epithelium of C batrachus stained with 
PAS (pH 2.5) showed globular A goblet shaped magenta coloured mucous 
cells present on apical, interlamellar and gill arch, which were of \wo 
types i.e. light magenta (type I ) and dark magenta ( type I I ) . The 
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mucous cells present on the gill arch were voluminous, more abundant as 
compared to those present in apical and interlamellar regions (Fig- 13 
a,b,c,d) 
(b) Alcian blue (AB), (pH 2.5): 
The transverse section of gill epithelium of C batrachus stained with 
Alcian blue (pH 2.5) showed the globular and goblet shaped mucous cells 
which were light blue (type I ) and dark blue (type I I ) in colour (Fig-14 
a,b A c). These cells were present in intelamellar and apical regions of 
gill lamellae. A close examination revealed that the mucous cells present 
on apical region (Fig-14 c) were stained more deeply as compared to 
those in interlamellar region which were lighter in colour (Fig- 14 b). 
(b) AB-PAS (pH 2.5): 
When the transverse sections of gill were stained with combination of 
both stains i.e. Alcian blue- Periodic acid Schiffs reagent (AB-PAS), 
three types of mucous cells could be observed on the gill lamellae and 
gill arch on the basis of different shape and staining reactions (Fig-15, 
a, b, c, d, e A f) . Type I I of mucous cells were found on apical region 
and rarely in the interlamellar region and these cells were stained dark 
purple colour with AB- PAS and were globular and goblet in shape. The 
granules in these cells may not be clearly visible (Fig-15 e & f).On the 
other hand type I mucous cells were stained magenta in colour with AB-
PA5 (Fig-15 b d c) but have same shape as that of type I I i.e. they 
were globular and goblet in shape. These cells were present in greater 
number in interlamellar region as compared to apical region. Type I and 
I I mucous cells were not attached with each other in interlamellar 
region (Fig 15 c, d, e, f). 
Type I I I mucous cells that may be stained purple and magenta in colour 
with AB-PA5 (pH 2.5) were voluminous in size as compared to type I and 
I I mucous cells but their shape was similar to that of type I A I I type 
i.e. globular sand goblet (Fig -15 g). 
A detailed classification of different types of mucous cells in C. 
batrachus on the basis of colour, shape A abundance has been given in 
Table- 2. 
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Part B- Changes In structure, types and abundance of 
mucous cells following transfer of H. fossilis and 
C. batrachus from TW to 257o SW 
B-1 Mucous cells of H. foss/7/s foWow'ing transfer to 
257o SW 
When the catfish H. fossilis were transferred from TW to 25% SW 
for 7 days, there were significant changes in the shape, size and 
abundance of all types of mucous cells in gills. The population of 
mucous cells is less in number in 25 % SW as compared to TW fishes 
(c.f. Fig- 16 a with 7 a). An interesting observation of present study 
was the dr i f t of all types of mucous cells from interlamellar region to 
the apical region of filament (c.f. Fig-16 a, d with 7 a) following 
transfer of freshwater to 25% seawatcr. Out of the three types of 
mucous cells present in interlamellar region, type I mucous cells got 
predominantly migrated to apical region compared to type I I & I I I 
cells following transfer to 25 % SW(Fig- 16 h). Type I ,11 and I I I 
mucous cells also showed distinct hypertrophy and reduction in the 
number as a result of increase in ambient salinity. However, the 
population of Type I I I of mucous cells showed a distinct increase in 
number in 25% SW maintained fishes compared to TW (cf. Fig-16 g 
with 8 b). In the present study, the fishes exposed to 25% SW also 
showed the appearance of numerous club shaped deformation 
resulting in the balloon like appearance at the apical region of 
secondary lamellae (Fig- 16 b, c). Certain cellular and circulatory 
anomalies such as the haemorrhage, manifesting is the clusters of 
blood formation had also been noticed (Fig- 16 c, d, e, f, h). Of 
particular interest was the presence of certain necrosed structures 
resulting in the crypt formation at the margin of the apical end of the 
lamellae (Fig- 16 d, e). I t appeared that the mucous cells migrated up 
to edge of apical portion of lamellae end oozed out their secretions 
which formed a thin layer at the edge (Fig- 16 d, e, f, h) .We also 
observed an inflammatory reaction in gill epithelial cells which showed 
a virtual fusion between the neighboring lamellae eliminating the space 
of the connective tissue. This gave a highly fleshy appearance to the 
overall gill lamellae (Fig-16 a, b, c,g). Type IV mucous cells were 
present on the branchial epithelium of gill arch and gill rockers. In 
257o SW, the size of these cells increased and they became globular 
in shape. Interestingly, these cells had acquired different colour 
stains varying from the different shade of blue, purple and magenta. 
They had also shown different degree of degranulation and their 
external surface also appeared rough ( Fig-16 i, j) . 
B-2 Mucous cells of C. batrachus following transfer 
to 25% SW 
The gill mucous cells of Cbatrachus following transfer from TW to 
257o SW largely showed the same changes as observed in H. fossilis 
such OS swelling of gill lamellae , dr i f t of both types of mucous cells 
from interlamellar region to apical region(cf. Fig-17 cx,c with 16 a) 
.However, C. batrachus mucous cells had shown some unique salinity 
induced changes which had not been observed in H. fossilis. These 
changes were as follows: 
(a) There is a complete dr i f t of both types of mucous cells to the 
apical region in C batrachus foWow'mg transfer to 25% SW as against 
some residual leftover in interlamellar region in H fossi/isic.f. Fig- 17 
a,b,c with 16 a ). 
(b) Type I <& I I mucous cells present \n the branchial region showed an 
enormous Increase in number following transfer of C. batrachus in 
25% SW (Fig- 17 f). 
- 4 8 
(c) The degree of swelling of the gill epithelial cells was much more 
pronounced in C. batrachus \r\ 25% SW compared to H. fossilis so much 
so that the pillar cells virtually became invisible (c.f. Fig-17 a, b,e with 
16 a,b). 
(d) Another interesting difference was the selective more 
hypertrophy of type I I mucous cells whereas type I mucous cells did 
show substantial any increase following C. batrachus transfer to 25 
%SW (Fig-17 c,d) 
(e) The tinctorial variations in type I I I of mucous cell in C.bafrachus 
following transfer 25%SW were largely confined to magenta and 
purple whereas H. fossilis displayed wide variations. Further, the 
degranulation was less pronounced and the external boundary of 
mucous cells were smooth compared to H. fossilis{c.i. Fig- 17 g with 16 
(f) There was no visible necrosis in the gill epithelium in C batrachus 
following salinity mcrzasz as observed in the case of H. fossilis (cf. 
Fig- 17 d with 16 d). 
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Pectoral fins 
Caudal fin 
Anal fin 
Fig-l(a) External features oiHeteropneustes fossilis. 
Barbels 
Fig-l(b) Head of Heieropneustes fossilis showing the arrangement 
of barbels, eyes and pectoral fin with spine. 
One pair of 
hemibranch 
gill 
Four pairs of 
holobranch 
gill 
Gill lamellae 
Fig- 2 In situ position of gill in H.fossilis. 
Gill rackers 
Gill arch 
Gill 
filaments 
Fig- 3(a) A complete (holobranch) gill of H. fossilis. 
Gill rackers 
Gill arch 
Holobranch 
Hemibranch 
Fig- 3(b) Digrammatic structure of a complete gill of H. fossilis. 
Gill rays Lamellae 
Mucous cells 
Pavements cells 
Fig- 4(a) A single filament in H.fossilis showing different cells, 
x200. 
Pillar cells 
Pavements cells Mucous cells 
Fig- 4(b) Magnified view of the structure of lamellae in 
H.fossilis as shown in box above, x400. 
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Fig- 5(a) Mucous cells in gill lamellae of H.fossilis maintained in 
TW,PAS(pH2.5),xl00. 
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Fig- 5(b) Mucous cells in gill lamellae oiH. fossilis maintained in 
TW, PAS (pH 2.5), x400. 
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Fig- 6 (a) Mucous cells in gill lamellae of H.fossilis maintained in 
TW, Alcian blue (pH 2.5), x400. 
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Fig- 6 (b) Mucous cells in gill interlamellae of H.fossilis maintained 
in TW, Alcian blue (pH 2.5), x400. 
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Fig-7(a) Different types of mucous cells in gill lamellae ofH.fossilis 
maintained in TW, AB-PAS (pH 2.5), xlOO. 
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Type III 
Fig-7(b) Magnified view of enclosed box in the preceding fig.7 (a) 
showing of different types of mucous cells in apical region of 
gill lamellae of H./ossilis maintained in TW, AB-PAS(pH 2.5), 
x400. 
Mucous cells 
Type II 
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Mucous cells 
Type I 
Fig-7(c) Different types of mucous cells in gill lamellae (inter-
lamellar region) of H.fossilis maintained in TW, AB-
PAS (pH 2.5), x400. 
Mucous cells 
Type IV 
Mucous cells 
Type II 
Mucous cell: 
Type I 
Fig-7(d) Different types of mucous cells in gill lamellae (gill filament 
and gill arch) of H.fossilis maintained TW, AB-PAS(pH 2.5), 
xlOO. 
Mucous cells 
Type IV 
Fig-7(e) Magnified view of enclosed box in the preceding fig.7(d) 
showing different types of mucous cells in gill arch of 
H. fossilis maintained inTW, AB-PAS (pH 2.5), x400. 
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Fig- 8(a) Different types of mucous cells in gill lamellae of H.fossilis 
maintained in TW, AB-PAS (pH 2.5), xlOO. 
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Fig- 8(b) Magnified view of enclosed box in the preceding fig.8 (a) 
showing different types of mucous cells in gill lamellae 
of H.fossilis maintained in TW, AB-PAS (pH 2.5), x400. 
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Fig- 8(c) Magnified view of enclosed box in the preceding fig.8 (a) 
showing different types of mucous cells in apical region 
of gill lamellae oiH.fossilis maintained in TW, AB-PAS 
(pH 2.5), x400. 
Mucous cells 
Type IV 
Fig- 8(d) Magnified view of Type IV mucous cells in gill arch of 
H.fossilis maintained in TW, AB-PAS (pH 2.5), x400. 
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Fig- 9(a) Different types of mucous cells in the cross section of gill 
lamellae oiH. fossilis maintained in TW, AB-PAS (pH 2.5) 
xlOO. 
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Fig- 9(b) Magnified view of enclosed box in the preceding fig.9 (a) 
showing different types of mucous cells in the cross 
section of gill lamellae of H.fossilis maintained in TW, 
AB-PAS (pH 2.5), x400. 
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Fig- 9(c) Different types of mucous cells in the cross section of 
gill lamellae oi H. fossilis maintained in TW, AB-PAS 
(pH 2.5), x400. 
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Fig-lO(a) External features oiClarias batrachus 
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Fig-lO(b) Head oiClarias batrachus showing the arrangement of 
barbels, eyes and pectoral fin with spine 
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Fig- 11 In situ position of gill in C batrachus. 
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Fig-12 : A complete (holobranch) gill of C batrachus. 
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Fig- 13(a) Different types of mucous cells in interlamellar region of 
C. batrachus maintained in TW, PAS (pH 2.5), x200. 
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cells (Type II) 
Fig- 13(b) Different types of mucous cells in interlamellar region 
of C batrachus maintained in TW, PAS (pH 2.5), x200. 
Mucous cells 
on tips 
Fig- 13(c) Different types of mucous cells in tip of C batrachus 
maintained in TW, PAS (pH 2.5), x200. 
Mucous cells on 
gill arch 
(Type III) 
Fig- 13 (d) Type III of mucous cells on gill arch of C batrachus 
maintained in TW, PAS (pH 2.5), x200. 
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Fig-14(a) Different types of mucous cells in interlamellar region of 
C. batrachus maintained in TW, Alcian blue (pH 2.5), x200. 
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Fig-14(b) Different types of mucous cells in interlamellar region of 
C. bairachus maintained in TW, Alcian blue (pH 2.5), x400. 
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Fig-14(c) Type II of mucous cells on tip of C batrachus 
maintained in TW, Alcian blue (pH 2.5), x400. 
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Fig- 15(a) Different types of mucous cells of C batrachus maintained 
in TW, AB-PAS (pH 2.5), xlOO 
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Fig- 15 (b) Different types of mucous cells of C batrachus maintained 
in TW, AB-PAS (pH 2.5), x200 
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Fig- 15(c) Magnified view of enclosed box in the preceding fig.15 (b) 
showing type II of mucous cells in interlamellar region of 
C. batrachus maintained in TW, AB-PAS (pH 2.5), x400. 
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Fig-15(d) Different types of mucous cells in interlamellar region of 
C batrachus maintained in TW, AB-PAS (pH 2.5), x400. 
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Fig,15(e) Different types of mucous cells on tips of C. batrachus 
maintained in TW, AB-PAS (pH 2.5), x200. 
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Fig,15(f) Different types of mucous cells on tips of C. batrachus 
maintained in TW, AB-PAS (pH 2.5), x400. 
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(g) Type III of mucous cells in gill arch of C.batrachus 
maintained in TW, AB-PAS (pH 2.5), x200. 
Cluster of 
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Type 11 
Fig-16(a) Types 11 of mucous cells in interlamellar region of 
H.fossiUs maintained in 25% SW, AB-PAS (pH 2.5), x200. 
Note the great reduction in the population of Type I mucous 
cells in interlamellar region. 
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Appearance of 
Ballooning 
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'Types II 
(degranualated) 
Fig-16(b) Different types of mucous cells in apical region of 
H.fossilis maintained in 25% SW, AB-PAS (pH 2.5), x200. 
Note the hypotrophy, appearance of ballooning and cluster of 
blood in the lamellar region. Also, notice the great degree of 
swelling in the filament giving an appearance of continuously 
joined layer. An extremely degranulated mucous cells are 
clearly visible. 
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Fig-16(c) Type II of mucous cells in apical region of H.fossUis 
maintained in 25% SW, AB-PAS (pH 2.5), x400. Note 
magnified view of the ballooning, degranulation and blood 
cluster. 
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Fig-16(d) Different types of mucous cells in apical region ofH.fossilis 
maintained in 25% SW, AB-PAS (pH 2.5), x400. 
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Fig-16 (e) Different types of mucous cells in apical region of H.fossilis 
maintained in 25% SW, AB-PAS (pH 2.5), x400. Magnified 
view of Fig-16 e. 
Cluster of blood 
Fig-16 (f) Magnified view of cluster of blood in apical region of 
H.fossilis maintained in 25% SW, AB-PAS (pH 2.5), x 400. 
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Type III Type II 
Mucous cells 
Type I 
Fig-16 (g) Different types of mucous cells in interlamellar region of 
H.fossilis maintained in 2 5 % SW, AB-PAS (pH 2.5), x 400. 
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Fig-16(h) Different types of mucous cells in apical region ofH.fossilis 
maintained in 25% SW, AB-PAS (pH 2.5), x 400. Note 
highly degranulated and greatly hypertrophied mucous cells. 
Mucous cells 
Type IV 
on gill arch 
Fig-16(i) Type IV of mucous cells on gill arch of H.fossilis 
maintained in 25% SW, AB-PAS (pH 2.5), x400. Note, two 
types- degranulated and granulated (darkly stained) cells. 
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rig-16(j) Type IV of mucous cells in gill arch oi H. fossilis 
maintained in 25% SW, AB-PAS (pH 2.5), x400. Note 
some cells have lost their smooth boundary with varying 
degree of granulation and showing different colours of 
stain. 
Absence of mucous cells 
in lamellar region 
Fig-17(a) Gill lamellae of C. batrachus maintained in 25% SW 
showing the absence of mucous cells in the lamellar 
region, AB-PAS (pH2.5), xlOO. 
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rig-17(b) Different types of mucous cells of C. batrachus 
maintained in 25% SW, AB-PAS, x200. 
Mucous cells 
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Type II 
rig-17(c) Different types of mucous cells on the tip of C batrachus 
maintained 25%SW, AB-PAS (pH2.5), x200. Note the 
greater degree of hypertrophy in Type II mucous cells. 
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Fig-17(d) Different types of mucous cells on the tip of C batrachus 
maintained in 25%SW, AB-PAS (pH 2.5), x400. Magnified 
view of the apical region. 
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Fig-17(e) Interlamellar region of C. batrachus maintained in 25% 
SW showing the absence of mucous cells, AB-PAS, x400. 
Mucous cells in 
branchial epithelium 
Fig-17(f) Different types of mucous cells on branchial epithelium of 
C batrachus maintained in 25%SW, AB-PAS (pH 2.5), x400. 
Mucous cells Type III 
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Fig-17(g) Type III of mucous cells in gill arch of C. batrachus 
maintained in 25%SW, AB-PAS (pH 2.5), x400. Note less 
granulated mucous cells with smooth cell boundary (compare 
with figs. 16 i & j of H. fossilis). 
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DISCUSSION 
In the ionoregulatory adjustments in fishes, apart from many other target 
organs, gill also play a significant role in this process in addition to its 
functions such as respiratory gas exchange, excretion of nitrogenous waste 
and acid base regulation. This is made possible due to the fact that the gills 
are the primary corridor for molecular exchange between the internal milieu 
of fish and their external environment (Olson, 1996). Typically, the gill in a 
teleost fish consists of four pairs of holobranchs and each holobranch is 
made up of two hemibranchs. The cellular entities which constitute the gill 
are the pavement cells, chloride cells and mucous cells, the former is manly 
associated with the respiratory function and the latter two are considered 
to be involved in the ionoregulatory adjustments. While there is considerable 
body of literature implicating the direct involvement of chloride cells 
exclusively in the process of ionoregulatory adjustment, the role of the 
mucous cells in the gill is multifunctional. The secretion from the mucous 
cells i.e. the mucus play a important role as a protective barrier, defence 
against pathogenic microorganisms, and pollutants. Mucus may also contain 
sialic acid responsible for reduction of pH (Calabro et al 2005). I t is also 
~ 5 0 ~ 
believed that same components of the fish mucus possible the acid and 
sulphated glycoprotein moieties have a metal binding and ameliorative effect 
against ambient toxicants (Suristhra et alZQQl). 
The survey of literature reveals that the information on the role of gill 
mucous cells in the process of osmoionic regulation has been very scanty. I t 
is surprising that no concerted efforts have been made even to analyze the 
chemical constituents of the mucus in majority of the teleost fishes so much 
so that only a single glycoprotein specific stain i.e. periodic schiffs reagent 
has been used has by the majority of workers to stain in mucous cells in 
totality. This may often lead to erroneous conclusions since it is now well 
established that the mucus consists of different chemical moieties in 
addition to the glycoprotein. In the present study on two important catfish, 
H.fossilisox\6 C. batrachus, we have used variety of histochemical stains to 
decipher the chemical composition of the mucus. Our study has revealed 
that the mucus in the above two fishes consists of glycoprotein (neutral 
mucopolysacchride) which is specifically localized with the PAS stain giving 
magenta colour appearance. The other component of the mucus is acidic 
mucopolysacchride which stains specifically with alcian blue at pH 2.5 giving 
blue colour appearance. These acidic mucopolysacchrides consist of 
~ 5 1 ~ 
sulphated and carboxyl groups which hove been differentiated with the help 
of alcian blue staining at pH 1.0 wherein only the sulphated acidic 
mucopolysacchride are stained blue while the carboxyl mucopolysacchride 
remain unresponsive. 
Very few studies have been conducted to bring out the chemical 
differentiation of mucous cells. In Atlantic salmon Salmo salar, Robert and 
Powell, (2003) have differentiated the mucus on the basis of PSA-AB at pH 
2.5 staining process into neutral and acidic mucin. Saboia-Moraes ef al 
(1996) have also differentiated the mucus into neutral and acidic 
mucopolysacchride employing the above staining strategy in Poecilia 
vivipapra. These authors have also used alcian blue at pH 0.5 to 
differentiate the sulphated mucin from the silomucin which is presumably 
equivalent to carboxylated acid mucin. In the Senegal sole, Solea 
senegalensis fi^rzWono et a I {ZOO A) have observed that mucous cells respond 
weakly ^os\\\ye to PAS reacY\or\ but were strongly stained with o\c\a(\ blue a\ 
pH 0.5, 1.0, 2.5. When alcian blue pH 2.5-PAS reaction were performed most 
mucous cells were stained blue (carboxylated mucin) and some mucocytes 
stained purple. This shows that the same mucous cell may contain different 
types of mucopolysacchride which is indicated by an intermediate colour. In 
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our study on the catfish, we have also been able to obtain purple stain 
mucous cells both in H. fossilis and C.batrachus clearly establishing that 
these cells contain a mixture of neutral and acidic mucins in the same cell. 
Similar results have also been reported by Cinar et al (2008) in Cyprinus 
carpio, Diaz ef al (2001) in Micropogonias furnieri, Roberts and Powell 
(2003, 2005) in Atlantic salmon, Salmo salar, brown trout, Salmo truttaand 
rainbow trout, Oncorhynchus mykiss and Calabro et a/(2005) in the abyssal 
teleost fish Coelorhnchus coelorhnchus. 
In the present study, we also been able to classify the mucous cells into four 
types in H.fossilisand three types in the C batrac/iusbased on the staining 
response, regional distribution within the gill, size and shape and also the 
appearance o granules. I t is noteworthy that this is the second study in 
addition to the one carried out by Saboia-Moraes et al (1996) in Poecilia 
vivipara where such as exhaustive classification of the different mucous 
cells based on multiple criteria has been given. In fact, to the best of our 
knowledge, this is the f i rst study on any stenohaline fish classifying the 
mucous cells into the different types. In the study of Saboia-Moraes et al 
(1996) on euryhaline fish Poecilia vivipara, the mucous cells have 
considerable similarities with those of H.fossilis but some salient 
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differences particularly with regard to their locational occurrence do exist. 
For instance, type IV mucous cells present in branchial arch, gill bars, gill 
rakers epithelia of Poecilia vivipara are globular in shape and voluminous in 
size with dark colour granules of various sizes and colours were broadly 
comparable with type IV mucous cells of H.fossilis. Type I cells found mainly 
in apical region in Poecilia Wvipara whereas in H.fossi/is ihey occur in apical 
and inter lamellar region. Type I I designated mucous cells of Poecilia vivipara 
are found \r\ interlamellar region with granules of variable size but m 
H.fossilis they ore located on apical and interlamellar region, and granules 
ore not clearly visible. Type I I I of mucous cells of Poecilia vivipara are often 
found m interlamellar epithelium with clear basophilic granules but in 
H.fossilis^\\ey are found on apical and interlamellar region and granules are 
not clearly visible. Welsch A Storch (1976) based on electron microscope 
study reported the occurrence of the two types of mucous cells with 
different granules in the branchial epithelium of Periophthalmus vulgaris. 
Type I mucous cells of C batraclius found on interlamellar and apical region, 
have unclear granules and stain dark purple. Types I I cells are also found on 
the apical and interlamellar region. However, the difference between Type I 
mucous cells of H.fossilis wiih those of Cbatrachus is that in the case of 
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former the cells stain blue, have small but clear granules but in C batrachus 
they stain magenta in colour and the granules are not clear. Type I I mucous 
cells of H.fossilis found on the apical and interlamellar region, stain dark 
blue m colour and granules are not clear but in C batrachus they stain dark 
purple. Type IV mucous cells of H.fossilis are similar to type I I I mucous 
cells of C batrachus, since both are found on gill arches, voluminous in size 
with clear granules. However, they are light blue in H.fossilis and dark 
magenta of C. batrachus. Type I I I mucous cells of H.fossilis orz absent in C 
batrachus. 
In the present study on C. batrachus mucous cells stained with AB-
PAS (pH 2.5) yielded different colour responses compared to H.fossilis. 
Most mucous cells of gills stained magenta and purple indicating the 
presence of neutral mucin and the mixture of neutral and acidic glycoprotein 
showing purple colour response in mucous cells. Type I I I mucous cells of 
Hfossils corx\a\n a mixture of neutral of acidic mucin compared to Type I , I 
I , and IV. We has also used Toludine blue staining reaction at pH 1.5 and 3.0 
but did not get any discernible response hence did not include the data in 
the result. This lack of response with Toludine blue is surprising since many 
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other authors such as Ahuja (1970) and Laurent (1984) have reported 
positive response of the mucous cells with this stain. 
In the present study, we also reported the qualitative, quantitative 
and locational changes following transfer of both the catfishes to higher 
salinity i.e. upto 25% seawater (300 mOsm). We observed an interesting 
locational shift of type I and I I mucous cells from intcrlamellar region to 
the apical region and an increase in the abundance of type I I I mucous cells 
located in the interlamellar region. Type iV mucous cells, however, did not 
show any migratory shift and were found to be confined only on gill arches. 
In C batrachus type I and I I mucous cells also exhibited the similar 
migratory shift as observed in H.fossilis\N\\zrtas type I I I of mucous cells of 
C batrachus which are comparable to the type IV of the H.foss/7/s did not 
show any locational shift. Interestingly, there was a total absence of 
mucous cells in the interlamellar region of C batrachus, a situation contrary 
to that of the H.fossilis. To the best our knowledge, this is the f i rst report 
which has described the locational shift of the mucous cells as the result of 
transfer to higher salinity. 
The literature abounds with the report regarding hyperplasia 
(increases the number of cells per unit area) and hypertrophy (increase in 
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the size of the cells) of the mucous cells consequent upon transfer to higher 
salinity. In our study also we observed the hypertrophy of all cells types in 
both the catfishes. However, no data on the hyperplasia of mucous cells in 
higher salinity could be obtained in present of study. 
Generally mucous cells histochemistry showed that the branchial mucous 
cells mucins in freshwater adapted fishes were mostly neutral mucins with a 
small amount of carboxylated mucnis also present (Roberts and Powell, 2003, 
Arellano et a/2004). Seawater acclimated fish had all mucin types present, 
where acidic mucins (both sulphate and carboxylated) were in greater 
proportion, ( Zuchelkowski et al 1985). I t was these acidic mucins that 
contributed to the significant increase in branchial mucous cells after 
acclimation to seawater. The pattern of branchial mucous cells 
histochemistry in response to salinity correlated well with that of the 
observation of Powell et a/(2001) and Clark (2002), where marine Atlantic 
salmon exposed to freshwater for 2 hr had a notable decrease in acidic 
mucins. Also, it has been documented that fresh water rainbow trout have 
gill mucous cells consisting of mostly neutral mucin followed by carboxylated 
mucins (Ferguson eta/1992). 
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Contrary to the aforesaid observations we have observed an almost equal 
proportion of the mucous cells population contrary neutral mucin stain with 
PAS and acid mucin stained with AB pH 2.5 in freshwater maintained 
catfishes. We also observed a substantial population of mucous cell 
containing a mixture of neutral and acidic mucin which are stained purple. 
Further, following transfer of these catfishes to higher salinity, there was a 
remarkable increase in the population of the cells containing the mixture of 
neutral and acidic mucin which are stained purple while the population of the 
neutral mucin and acidic mucin containing cells remained virtually the same 
but displayed substantial hypertrophy. This is a unique observation not 
reported in the literature so far. 
Out study has also brought out a significant observation of bulging of 
hyperemic secondary lamellae resulting in ballooning dilation or club 
formation at the tip of gill lamellae. Also, there is a distinct necrosis at the 
tip of the gill lamellae resulting the oozing out of the mucin which forms a 
continuous layer at the margin of the gill lamellae. We also observed 
haemorrhage and fusion of the secondary lamellae which obliterates the 
space between the secondary lamellae and gives and appearance of a 
flattened, fleshy continuous layer. The above observations have also been 
~ 5 8 ~ 
made by Suristhra ef al (2007) on the catfish H.fossilis which has been 
exposed to sublethal cadmium chloride (0.3ppm) toxicity. Bhagwant and 
Elahee (2002) have also made the similar observation on yellow/stripe 
goatfish (Mulloidichthys flavolineatus) and the flathead mullet (Mugil 
cepha/usj from the Bay of Poudre d' Or, Mauritius. However, in C batrachus 
only the lamellar fusion has been observed in our study. I t seems that the 
above reported responses in the teleost are more of a result of a general 
environmental stress rather than the specific stimulus caused by salinity 
changes. This is Corroborated by the fact that the same morphological 
manifestations were sztr\ in the catfish H.fossilis hof\\ in higher salinity as 
well as cadmium toxicity (Bhagwant and Elahee 2002 and Suristhra et al 
2007). 
A aforesaid discussion has brought out the significant findings on both the 
catfish species i.e. H. fossilis C. batrachus. I t may be significant point out 
that of the existing 2200 fish species inhabiting Indian waters, the present 
report is the only one that described the changes in the mucous cells 
abundance, morphology and histochemical quantification of mucins in two 
important stenohaline fishes of Indian subcontinent. 
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